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Two stage optical amplifier 

Field of the invention 

The present invention concerns a configuration of a so-called two 
stage optical amplifier which is a widely known element in optical 
telecommunication networks. 

Background of the invention 

Traditionally, a two-stage optical amplifier serves as a piece of 
equipment of an optical line. 

Usually, the two stages of amplification are two different 
amplifying units connected in sequence in a pre-manufactured assembly, 
where the first unit is considered the first stage of the assembly and called 
an optical pre-amplifier, while the second unit (an optical booster) which 
follows the first one is considered the second stage. Such a configuration 
is usually implemented as a unidirectional integral assembly and, in the 
fi-ame of the present description, will be called a conventional two-stage 
unidirectional configuration. 

Each of the amplifying units usually comprises a single stage 
optical amplifier such as EDFA (Erbium Doped Fiber Amplifier) 
characterized by particular optical features (gain, flatness, noise, output 
power, etc). 

The conventional two-stage unidirectional configuration is 
advantageous in that it has a higher maxunum output power than a single 
stage optical amplifier and allows using relatively inexpensive amplifying 
units which might have differing optical parameters. However, when 
connecting such amplifiers into the two-stage configuration, degradation 



2 



may appear in the flatness of the gain over the band of optical 
wavelengths supported by the combined amplifier. That's why the two 
amplifiers for the two-stage configuration are usually selected to have 
gain characteristics which allow compensating one another. The gain 
5 flatness can be adjusted by an operator during the manufacturing process, 
when interconnecting between the two stages. In practice, when 
manufacturing the assembly, the optical parameters of the first stage and 
the second stage of the unidirectional configuration are matched to 
produce the best performance, using a control interconnection between 

10 the two stages, that control interconnection comprising a communication 
channel and a micro controller, both provided within the assembly and 
serving the two mentioned stages of the unidirectional assembly. During 
operation of the assembly, the control interconnection continues fulfilling 
its functions for matching parameters of the amplifiers and coordinates 

15 their operation. 

The unidirectional configuration may include a network element 
connected between the two stages (in the mid-stage); by now, such 
intermediate elements have been used for signal attenuation, dispersion 
compensation, etc. 

20 One example of such a configuration is described in US 6,2 1 5,584. 

It should be mentioned, that the conventional two-stage or multi 
stage unidirectional assembly, even when allowing independent control of 
parameters of the stages by the control circuit, is arranged in such a way 
that if a fiber cut occurs before the first stage amplifier, it behaves as a 

25 single integral device i.e., all stages of the assembly are shut down by the 
assembly controller, since the whole assembly appears to be useless in the 
absence of the input optical signal. Such a feature contradicts to inserting 
OADM (Optical Add Drop Muhiplexer) in the mid-stage of the above- 
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described configuration. One should recall that OADM is intended for 
receiving a WDM (wavelength division multiplexed) multi-channel 
optical signal, dropping at least part of optical information channels, 
and/or adding information to at least one of vacant optical channels for 
5 further transmitting a newly composed multi-channel multiplexed optical 
signal. Therefore, OADM in the mid-stage seems to be useless, since the 
complete shutdown of the two-stage configuration in the case of a fiber 
cut is harmful not only to the information received at the 1'^ stage, but 
also to the information added by the OADM. 

10 The unidirectional two-stage configuration could theoretically be 

built from two separate amplifiers, which do not form an integrated 
assembly and thus each of the stages works independently when the other 
stage fails for any reason. Such a configuration would easily allow 
inserting OADM or any other element in the mid stage. However, in that 

15 case, high quality amplifiers with flat optical characteristics would be 
required and the configuration would become too expensive. 

Object of the invention 

It is the object of the present invention to provide a two-stage optical 
20 amplifier configuration which would be suitable for inserting, between 
the two stages thereof, any network element (including optical add drop 
multiplexer OADM) and being free from disadvantages of the known 
two-stage configurations of optical amplifiers. 
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Summary of the invention 

According to the first aspect of the invention, the Inventors propose 
a two-stage configuration of an optical amplifier (comprising 1'* stage, a 
2"^* stage and a mid-stage) wherein each stage of the configuration is 
5 formed by at least one optical amplifying unit, and wherein the 
configuration (i.e., the optical amplifier): 

being adapted for inserting in the mid-stage thereof any network 
element (possibly comprising OADM), 

allowing matching at least one optical characteristics of the two 
10 stages, and 

being capable of leaving one of the stages to function in a regular 
regime whenever the other of the stages is shut down. 

It should be noted that each stage of the two-stage amplifier may be 
composed of one or more amplifying units. In the simplest case, each 
1 5 stage comprises one optical amplifier. 

The above-defined amplifier configuration, while allowing 
independent functioning of the two stages, can be built from inexpensive 
amplifying units matched from the point of optical characteristics. 

To obtain said at least one matched optical characteristics, it is 
20 proposed that the two stages of the two-stage amplifying configuration be 
interconnected with one another by a control-communication channel for, 
at least, gain control of said amplifying units. Preferably, the channel 
provides also for control of other optical parameters of the amplifying 
units (and thus of the resulting optical amplifier), such as gain flatness 
25 and gain tilt. 

Selection of the parameters to be matched and the preliminary 
matching of the first stage and the second stage of the amplifier are to be 
performed by the manufacturer. Further, the control-communication 



channel serves for adjusting the parameters during operation of the 
assembly. 

According to one embodiment of the amplifier configuration, it can 
be implemented on the conventional unidirectional two-stage amplifying 
assembly, by providing to it said ability to prevent shutting down the 
other one of the stages when one of the stages is to be shut down (say, 
when a fiber cut is detected). A system comprising a pair of such 
assemblies may serve two opposite directions of optical transmission, 
where each assembly is used for a particular direction. 

The term ''assembly should be understood as a prefabricated 
module, most likely an integrated printed circuit card. 

To enable operability of the other stage when one of the stages in 
the integral unidirectional two-stage amplifying assembly is to be shut 
down, changes should be introduced in the control-communication 
channel of the assembly (for example, in its micro-controller). The 
control-communication channel (or control interconnection), which exists 
in the conventional integral two-stage unidirectional assembly and 
comprises a communication channel and a micro controller, will enable 
matching the parameters of the two stages also in the presence of such 
element as OADM in the mid-stage. 

According to one preferred embodiment of the invention, the two- 
stage configuration (amplifier) comprises its 1'* stage and its 2"** stage 
located at two separate assemblies (modules or cards), wherein the optical 
connection and the control-communication channel between the stages is 
arranged externally between said cards. 

In accordance with the most preferred embodiment of the 
invention, there is provided a combined configuration (which will fiirther 
be referred to as East-West bi-directional configuration or system) 
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comprising a pair of two-stage amplifiers as defined above, for 
respectively serving two opposite directions of optical transmission; in 
the combined system each of the separate assemblies (modules) 
accommodates the 1'* stage of one said two-stage amplifier and the 2"^* 
5 stage of the other said two-stage amplifier. 

Any of the above-mentioned configurations (i.e., any of the defined 
amplifiers or systems) can be implemented using the following newly 
proposed universal assembly that forms a second aspect of the present 
10 invention: 

A universal two-stage optical amplifier assembly {universal assembly) 
comprising a 1'* stage and a 2"** stage, each formed by at least one optical 
amplifying unit, said and l""^ stages being preliminarily matched fi-om 
the pomt of at least one optical characteristics to be suitable to form a two 
1 5 stage optical amplifier, 

input of the assembly being connected to input of the 1'^ stage, 
output of the 2"^^ stage bemg connected to output of the assembly, 
output of the stage and input of the 2""^ stage are respectively 
connected to a pair of mid-stage contacts of the assembly ( thereby 
20 allowing introducing an optical element either between the 1'^ stage 
and the 2"^* stage of the universal assembly, or between any of the 
stages of said universal assembly and a complementary stage of 
another similar universal assembly, 
the assembly also comprises a control-communication circuit capable of 
25 matching at least one optical characteristics of the assembly and of 
preventing shut down of one stage when the other is shut down , wherein 
said circuit being selectively configurable either to form a control- 
communication channel between the 1'^ stage and the 2"^* stage of said 
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assembly, or to disconnect said channel there-between while enabling 
each of the 1'* stage and the 2"^ stage to form a separate control- 
communication channel with a complementary stage located on another 
similar universal assembly. 
5 The universal assembly is formed on one module, preferably being 

an integrated printed circuit card. 

Preferably, the 1'' stage and the 2"** stage are preliminarily matched 
in such a manner that the 1'^ stage of the universal assembly is 
preliminarily adjusted to match to a set of average characteristics 

10 designed for the 2"^ stage, while the 2"** stage of the universal assembly is 
preliminarily adjusted to match to a set of average characteristics 
designed for the 1'' stage, so that any of the 1'' stage and the 2"^ stage of 
said universal assembly approximately matches to a complementary stage 
of said universal assembly or of another similar universal assembly, 

15 Also preferably, the control-communication circuit is capable of 

further dynamically matching any of the 1'^ stage and the 2""^ stage of 
said universal assembly to a complementary stage of said universal 
assembly or of another similar universal assembly . 

In the preferred embodiment, the control-communication circuit 

20 comprises a switch or just a pair of contacts, dividing the circuit into two 
separate portions respectively suitable for being connected to 
corresponding separate portions of a control-communication circuit of 
another similar universal assembly, so to form a control-communication 
channel between a 1^* stage of one assembly and a 2""* stage of the other 

25 assembly and wise versa. 

The above-defined universal two stage assembly (universal 
assembly) can be used for forming: 
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a) a unidirectional two-stage configuration (a two-stage optical 
amplifier) based on one universal integrated assembly, when the mid- 
stage contacts serve for connecting the stages of the same assembly and 
the control-communication channel is also formed there-between ( shown 

5 as assembly 20 or 120 in Fig. 3a); 

b) a bi-directional configuration or system for serving two directions 
of optical transmission (shown in Fig, 3b) where each of the two 
directions of optical transmission is served by (a), i.e. by the 
unidirectional two-stage amplifier configurafion built using one 

10 universal integrated assembly; 

c) a unidirectional two-stage configuration (a two-stage optical 
amplifier) based on two universal assemblies, where 1'^ stage of one 
assembly is directly or indirectly connected to 2"^^ stage of the other 
assembly, and the control-communication channel is formed between 

15 these same stages of the different assemblies ( shown as a contour 51 in 
Fig. 3c or as a contour 60 in Fig. 3d); 

d) a bi-directional combined configuration or system (Figs. 3c, 3d) 
based on two universal assemblies, where each direction of optical 
transmission is served by the amplifier configuration (c). This bi- 

20 directional system is a so-called East- West configuration. 

Owing to the fact that the stages of the two-stage amplifiers are located at 
different modules (assemblies, cards), and due to the fact that the control- 
communication channel is arranged between the two modules to enable 
matching of the optical parameter(s) of the stages belonging to different 
25 modules, the configurations (c ) and (d) ensure: 

- easy replacement of any of the stages if needed, without a harm to 
the second stage and. 
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upon replacing the module with another universal assembly, 
operation without degradation of the two-stage configuration 
performance since the matching will be performed by the newly 
formed control-communication channel. 
5 AH the above-proposed two-stage optical amplifying 

configurations (amplifiers and systems) are suitable for insertmg OADM 

in the mid-stage. 

To understand inventiveness of the proposed two-stage optical 
amplifying configurations and the universal assembly over the prior art, 

1 0 one should recall that: 

firstly, a conventional two-stage unidirectional configuration has a 
set of improved optical characteristics but, when a fiber cut is detected 
before its first stage amplifier, behaves as an integral device shutting 
down both its stages; 

15 secondly, OADM, if inserted in the mid-stage of the conventional 

configuration, would be disabled since the complete shutdown of the two- 
stage configuration in a case of a fiber cut is harmful to the information 
added by the OADM; it should be noted that the information introduced 
by the OADM comes from source(s) non-affected by the fiber cut, and 

20 could be independently transmitted to the network if not the complete 
shut down of the assembly; 

thirdly, a two-stage amplifier, if assembled fi-om optical amplifiers 
being not of the highest quality, needs prior matching there-between and 
never enables replacement of any of the amplifiers (be it possible) 

25 without degradation of the configuration performance, since re-matching 
the new pair of amplifiers is very problematic. 

The proposed configurations and the universal assembly allow 
overcoming the above-mentioned disadvantages. 
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According to a slightly different aspect of the invention, there is 
also provided a system comprising any of the described two-stage optical 
amplifier configurations, with an OADM in the mid-stage. 

Further details and explanations will be given as the description 
5 proceeds. 

Brief description of the drawings 

The invention will be further described and illustrated with the aid of the 
10 following non-limiting drawings in which: 

Fig. la shows a conventional one stage optical amplifier. 

Fig. lb shows a conventional two-stage unidirectional optical amplifier 

assembly. 

Fig. 2 schematically illustrates the proposed universal two stage optical 
15 amplifier assembly suitable for inserting a network element in the mid- 
stage. 

Fig. 3a is a schematic block-diagram illustrating a bi-directional two- 
stage amplifier configuration where each direction of the transmission is 
served by one two-stage amplifier assembly. 
20 Fig. 3b illustrates how the configuration shown in Fig. 3 a can be built 
using the universal assemblies as shown m Fig. 2. 

Fig. 3c illustrates a schematic block-diagram of a bi-directional two-stage 
amplifier configuration where each direction of transmission is served by 
two two-stage amplifier assemblies (East- West configuration). 
25 Fig. 3d shows how the EastAVest configuration of Fig. 3c can be 
implemented using a pair of the universal assemblies shown in Fig. 2. 
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Detailed description of the invention 

Fig. la (prior art) schematically illustrates a basic optical amplifier 10. 
Arrows at the input and the output of the amplifier show direction of the 
optical transmission. Any optical amplifier is characterized by a number 
5 of optical parameters, which include, for example, the following set: gain, 
flatness of the amplifier's gain (as a function of wavelength), noise figure, 
maximal output power of the amplifier. A stand-alone amplifier of a high 
quality usually has good optical characteristics (say, the uniform flatness 
over a sufficiently wide spectrum of wavelengths), and is relatively 
10 expensive. 

An amplifying unit of a moderate quality is quite cheap but is not used 
alone since it has non-uniform optical characteristics. 
Fig. lb (prior art) schematically illustrates a conventional two-stage 
optical amplifier assembly 12 where the output of a 1'* stage amplifying 
15 unit 14 is connected to the input of a 2"^ stage optical amplifying unit 16 
either directly (a dotted line 15) or via an optical element (not shown) 
which can be connected in the mid-stage. 

Owing to the fact that the V stage and the 2"^ stage amplifiers produce a 
summary gain and are preliminarily matched in the pre-fabricated 

20 assembly, the set of parameters which is provided by the assembly 12 is 
improved in comparison with that of a single amplifying unit. 
The parameters are matched also dynamically, during operation of the 
assembly, by providing there-between a control-communication channel 
schematically shown as 13 with a micro controller 17 to ensure the power 

25 and gain control. The conventional configuration 12 shuts down 
completely in case any of the stages 14 or 16 fail or has to be shut down. 

According to one embodiment of the present invention, the 
conventional configuration 12 can be modified into such preventing the 
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complete shut down when one of the stages is shut down. For example, 
the micro controller 17 can be reprogrammed to prevent shutting down 
the 2"^* stage 16 in case of a fiber cut before the 1'* stage 14, while still 
shutting down the 1^ stage 14. 
5 Fig. 2 schematically illustrates the proposed universal two-stage amplifier 
assembly 20 which, in the simplest case, comprises two amplifier units 
placed on one card 22. An amplifying unit 24 of the stage is 
preliminarily adjusted to match to a pre-selected set of averaged optical 
characteristics which is designed for 2"^^ stage amplifying units of any of 

10 such universal assemblies, while the unit 26 of the 2""^ stage is 
preliminarily adapted to match to a pre-selected set of averaged optical 
characteristics designed for 1'* stage amplifier units of the universal 
assembly. Therefore, the 1'' and the 2"^ stages of the assembly 20 are in 
advance matched to provide a set of optical characteristics which should 

15 be better that those of one of the stages. Input 25 of the assembly is 
connected to input of the 1'* stage, output of the 2"^ stage is connected to 
the output 27 of the assembly, and the mid-stage of the configuration is 
connected to so-called mid-stage contacts 28, 29 of the assembly. It is 
understood that these contacts may be connected to network element(s) to 

20 be placed in the mid-stage, if so desired, or short-circuited. The assembly 
20 comprises a control-communication circuit schematically marked by a 
dotted contour 30. The circuit 30 comprises a micro-controller 3 1 (which, 
inter alia, is adapted to prevent shutting down both stages of a two-stage 
configuration if one of the stages fails) and forms a broken control- 

25 communication channel between the 1'^ stage and the 2"'' stage, say by 
providing two external contacts 32 and 33. When short-circuited, the 
contacts form the closed control-communication channel between the 
amplifiers 24 and 26. 
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Optionally, the contacts 28, 29 and 32, 33 may be replaced by switches 
(not shown) for providing any desired connections. 
Fig. 3a illustrates one bi-directional configuration 40 using two 
unidirectional integrated assemblies 42 and 44 respectively serving two 
5 opposite directions of transmission in a telecommunication line. Each of 
the assemblies 42 and 44 suits for inserting any network element (and 
OADM as well) in the mid stage 43 thereof Each of the assemblies 42 
and 44 can be a unidirectional assembly similar to that shown in Fig. lb 
but modified (channel 13' and CU 17') so as to prevent complete shutting 

10 down of the assembly when one of its stages is shut down. 

Fig. 3b shows how the configuration 40 can be built from a pair of the 
identical universal assemblies 20 and 120, as illustrated in Fig. 2. For the 
sake of example, each of the assemblies serving a particular direction is 
shown with an OADM in the mid-stage. All reference numbers of the 

15 assembly 120 are formed by adding digit 1 before the analogous numerals 
of the assembly 20, 

Fig. 3c illustrates a schematic block-diagram of a bi-directional two-stage 
amplifiers' configuration 50 where each direction of transmission is 
served by a two-stage amplifier configuration (such as 51) formed by 
20 two different integrated amplifier assemblies (cards) 52 and 54. This bi- 
directional configuration 50 is the most preferred one, a so-called East- 
West configuration, which cannot be implemented using neither the 
conventional two-stage integrated assembly (Fig. lb), nor its modified 
version. 

25 A so-called mid-stage 55 of both of the unidirectional configurations 
utilizes the real gap between inputs and outputs of the two cards 52 and 
54, and may serve for inserting optical elements between the stages of the 
unidirectional configurations. The control-communication channels 
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schematically shown and marked 56 and 58 are also arranged between the 
cards. All or some external connections can be arranged, for example, 
using a back-plane 57 of a shelf structure holding the cards 52, 54, fixed 
couplings may be formed in the back plane for the purpose. 
5 Fig. 3d illustrates how the configuration 50 can be realized using the 
proposed universal integrated assembly of Fig. 2. Two assemblies 20 and 
120 are shown, and their connections demonstrate how the mid-stages are 
formed and how new control-communication channels between the newly 
formed two-stage configurations are formed using portions of the control- 

10 communication circuits of the two separate assemblies 20, 120. One of 
the two newly formed unidirectional configurations is shown by a dotted 
contour 60, its newly formed control-communication channel is marked 
62. The similar configuration, with its control-communication channel, is 
built for the opposite direction of the optical transmission. 

15 Though the invention has been described with the aid of schematic 

exemplary embodiments, it should be appreciated that other modifications 
and more elaborated versions of the described configurations, assembly 
and system might be proposed, which are to be considered part of the 
invention. 



